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(54) TREATING APPARATUS OF WASTE PRINTED CIRCUIT BOARD AND ITS TREATMENT METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the generation of a harmful 
exhaust gas by providing the apparatus with a catalytic thermal decomposition 
device for treating an organic exhaust gas generated in the treatment and a gas 
cleaning device. 

SOLUTION: A waste printed circuit board 1 is heated to a temp, equal to or 
higher than the melting temp, of a solder by a heating device 2a. The waste 
printed circuit board 1 is separated into a substrate 3a, electronic parts 3b and 
the solder 3c by impressing external force by an external force impressing 
device 2b while keeping the melting state of the solder. The exhaust gas 
generated in the treating stage is made harmless by passing through the 
catalytic thermal decomposition device 4 and the waste gas cleaning device 5 
and discharged as a harmless exhaust gas 6. An oxidation catalyst, for 
example, containing Ti02, W03 and Si02 and having Ti : W : Si = about 7 : 
about 2 : about 1 is used in the exhaust gas catalytic thermal decomposition 
device 4. A spray injecting system or the like is used in the waste gas cleaning 
device 5. As a result, the generation of the harmful gas is prevented. 





i 






2i 


| mm 






!b 








6 

m«* J 




LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



1 of 2 



2/14/02 2:47 PM 



http^/www4Jpd]Jpo.goJp/cgW>ln/tran..„2522%2520BGCOLOR%3D%2522[ightye!low%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The waste printed circuit board processor mainly characterized by the thing which occurs in the discarded recycling or 
harmless-ized processor of a printed circuit board at the time of processing of heating of a substrate, deformation, a disconnection, 
or spallation, and for which it has exhaust gas catalyst thermal decomposition equipment and an exhaust air scrubber into a 
component as an object for processing of organic system exhaust gas. 

[Claim 2] The waste printed circuit board processor characterized by having exhaust gas catalyst thermal decomposition 
equipment and an exhaust air scrubber into a component in the waste printed circuit board processor which separates solder and 
electronic parts from a substrate by heating the eccrisis of the printed circuit board in which electronic parts were carried more 
than the melting temperature of solder, and applying external force, such as a pneumatic pressure by vibration, impact, the 
centrifugal force, a friction, or hot jet, to a substrate. 

[Claim 3] The waste printed circuit board processor according to claim 1 or 2 which consists of one sort or two sorts or more of 
oxides chosen out of Si, aluminum, Ti, and Zr as a catalyst for exhaust gas catalyst thermal decomposition equipment. 
[Claim 4] The waste printed circuit board processor according to claim 3 characterized by including further one sort or two sorts 
or more of metals chosen out of Pt, Cu, nickel, and W in the oxide according to claim 3. 

[Claim 5] The claim 1 characterized by being the water of alkali, such as a sodium hydroxide or a calcium hydroxide, or a 
solution to the inside of an alcoholic system organic solvent as a penetrant remover for exhaust air scrubbers, or the waste printed 
circuit board processor of four given in any one term. 

[Claim 6] The claim 1 characterized by having exhaust air gas-cooling-method equipment after catalyst thermal decomposition 
equipment, or the waste printed circuit board processor of five given in any one term. 

[Claim 7] The claim 1 characterized by having a cyclone for mist eliminators after an exhaust air scrubber, or the waste printed 
circuit board processor of six given in any one term. 

[Claim 8] Catalyst heating temperature is the art of the claim 1 characterized by being within the limits of 250-800 degrees C, or 
the waste printed circuit board processor of seven given in any one term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to recycling or the harmless-ized processor, and its art of 
the waste printed circuit board which occurs especially in connection with processing and which mainly has the processor of 
organic system detrimental exhaust gas about recycling or the harmless-ized processor, and its art of a waste printed circuit board. 

[0002] 

[Description of the Prior Art] Electronic-intelligence devices, such as a personal computer and a word processor, have a very 
quick speed of a technical innovation, and the model change is performed per several months. For this reason, an user will replace 
these electronic-intelligence devices with the newest model in an average of five years, and, as for the replaced old thing, most 
serves as a disposal. 

[0003] the printed circuit board which carried many electronic parts, such as LSI and a connector, in the interior of the mainframe 
of an electronic-intelligence device by soldered joint ~ about 20 - about [ wt% ] - it contains When a landfill is carried out since 
the lead which is detrimental heavy metal, tin, antimony, the arsenic, etc. are contained while valuables, such as gold and copper, 
are contained in these printed circuit boards so much and shining, such detrimental heavy metal is eluted in the earth, and the load 
to an environment is large. 

[0004] From this, recycling of valuables or a detrimental object is separated, solder and electronic parts are separated from the 
eccrisis of the electronic-parts loading printed circuit board aiming at harmless-izing of the last eccrisis, or the waste printed 
circuit board processor and art which collect valuables, such as gold and copper, from a substrate mainframe further are 
examined. There is the technique or equipment shown for example, in the following (1) - (5) among the arts or equipments of the 
waste printed circuit board or waste plastic sheet already known. 

[0005] ( 1 ) How to disassemble electronic parts from the printed circuit board which has the elimination process which applies 
melting or the heating process made to decompose, impulse force, etc. for the adhesives on which it is the technique of 
disassembling electronic parts from a printed circuit board, and electronic parts are pasted up, and removes the aforementioned 
parts from the aforementioned printed circuit board. Refer to the Japan patent official report of No. 2601225. 
[0006] (2) The low-temperature melt recovery system which melting of the low-temperature melt which adhered to the printed 
circuit board by making a printed circuit board convey along a conveyance way, and injecting elevated-temperature gas to a 
substrate by the predetermined pressure on the way is carried out [ recovery system ], and makes it remove. Refer to 
JP,8-274461,A. 

[0007] (3) Technique apply and pulverize the external force which carries out coarse grinding of the printed circuit board first, 
and contains compressive force and shearing force in the obtained coarse-grinding object, and a gravity separation and an 
electrostatic separation recover valuables from a printed circuit board further. Refer to JP,7-25 1 154,A. 

[0008] (4) It is the art of the printed circuit board scrap wood characterized by roasting printed circuit board scrap wood over the 
temperature below copper 400 degrees-C or more melting point in the steam ambient atmosphere, burning an exhaust gas with a 
combustion furnace, and emitting CO into the atmospheric air except for a detrimental component, such as oxidizing. Refer to 
JP,8-71521,A. 

[0009] (5) The art of the cracked gas of the fire-resistant plastics characterized by carrying out wet recovery of the component 
which burns or pyrolyzes the plastics containing an antimony compound and a halogenated compound, is made to bum or 
pyrolyze the cracked gas which occurs in that case in 2nd order above 800 degrees C, carries out dry-type recovery of the 
component which makes an antimony oxide a subject after that, and makes a halogen a subject further as a flame retarder. Refer to 
the Japan patent official report of No. 2665 192. 
[0010] 

[Problem(s) to be Solved by the Invention] The principal components which constitute a printed circuit board mainframe are 
thermosetting resin, such as epoxy and a phenol, and the flame retarder which contained the bromine in this is added. For this 
reason, if a printed circuit board is heated, the exhaust gas of an organic system will be generated, and in it, many detrimental 
methyl bromides with which are the ozone-layer-depletion matter and carcinogenic are indicated to be also to the human body are 
contained, these organic system exhaust gas — near 50 degree C -- it begins to generate from the degree of low temperature 
comparatively, and increases abruptly at the temperature of 270 degrees C or more Therefore, since temperature rises at 50 
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degrees C or more locally by friction when heating a printed circuit board at a heater etc., and external force is applied [ not to 
mention ] to a substrate and it deforms, cuts or crushes, the above-mentioned detrimental gas occurs. Therefore, in above 
processors and arts for a printed circuit board, the exhaust gas harmless-ized device is required. 

[00 1 1 ] However, with the technique or equipment of the above ( 1 ), (2), and (3), since it does not have the process or the device 
in which exhaust gas is processed, exhaust gas is emitted into the atmospheric air as it is. Although the organic gas which made 
the methyl bromide the start by combustion by this technique although it was emitting into the atmospheric air by the technique of 
(4) after having led exhaust gas to the combustion furnace and burning it is decomposed, the strong corrosive hydrogen bromide 
which this generates is emitted into the atmospheric air as it is, and causes acid rain. Although wet recovery of the component 
which burns or pyrolyzes exhaust gas at the elevated temperature of 800 degrees C or more, and makes a halogen a subject after 
that is carried out by the technique of (5), there is a problem that an energy cost is large, for an elevated temperature. 
[00 1 2] The purpose of this invention was not made in view of the above-mentioned trouble, and is to offer the waste printed 
circuit board processor which detrimental exhaust gas does not generate in process of recycling or harmless-ized processing, and 
its art. 
[0013] 

[Means for Solving the Problem] In the waste printed circuit board processor and its art of this invention, it is mainly 
characterized by the thing which occurs at the time of processing of heating of a substrate, deformation, a disconnection, or 
spallation and for which it has exhaust gas catalyst thermal decomposition equipment and an exhaust air scrubber in a component 
as an object for processing of organic system exhaust gas. By preparing an exhaust gas catalyst heating apparatus and an exhaust 
air scrubber, the detrimental exhaust gas generated in the above-mentioned processing of a waste printed circuit board is made 
harmless, and is not discharged out of equipment. For example, an exhaust gas catalyst heating apparatus decomposes a 
detrimental methyl bromide into a hydrogen bromide, a carbon dioxide, and water. In addition, ordinary hydrocarbons are 
disassembled into a carbon dioxide and water. Although a hydrogen bromide is the acid, it is neutralized by the exhaust air 
scrubber and it serves as a bromination salt and water. Bromination salts can be dried and collected. 

[00 1 4] Thus, exhaust gas is made harmless. And by using a catalyst heating apparatus, heating temperature can be held down to 
800 degrees C or less, and can reduce an energy cost. And since it can decompose also by thin concentration, concentration 
adjustment of gas is free. It is that it is possible to make this, i.e.! gas, mix air etc. and to carry out thin to the concentration below 
the explosion limit, and is desirable on safe. Since it is decomposition of an organic component as gas to mix, it is required for 
oxygen to contain, and air is desirable. 

[00 1 5] It is more effective if it considers as exhaust gas catalyst thermal decomposition equipment, the waste printed circuit board 
processor which has an exhaust air scrubber, and its art into the component of the waste printed circuit board processor which 
separates solder and electronic parts from a substrate by heating the eccrisis of the printed circuit board in which electronic parts 
were carried in this invention more than the melting temperature of solder, and applying external force, such as a pneumatic 
pressure by vibration, impact, the centrifugal force, a friction, or hot jet, to a substrate. 

[00 1 6] The catalyst for exhaust gas catalyst thermal decomposition equipment of this invention consists of one sort or two sorts or 
more of oxides chosen out of Si, aluminum, Ti, and Zr. As a modality of oxide, they are Si02, aluminum203, Ti02, and Zr02, 
for example. Although there is a grade, it is not limited to these. 

[00 1 7] It is good to consider as the catalyst which added one sort or two sorts or more of metals further chosen out of Pt, Cu, 
nickel, and W to the above-mentioned oxide preferably. Pt, Cu, nickel, and W may be oxides. 

[00 1 8] The penetrant remover for exhaust air scrubbers of this invention is the water of alkali matter, such as a sodium hydroxide 
or a calcium hydroxide, or a solution to the inside of an alcoholic system organic solvent. Since the solubility of the bromination 
salt reacted and generated is low when an alcoholic system solvent is used, it precipitates, shortly after reacting. For this reason, 
compared with the case where recovery of a brornination salt is aqueous intermediation, it is easy. Moreover, since a carbon 
dioxide also serves as a salt simultaneously by alkali, exudation into the atmospheric air of a carbon dioxide can also be 
suppressed. 

[00 1 9] In this invention, you may form exhaust air gas-cooling-method equipment after catalyst thermal decomposition 
equipment. A cooling system can apply general heat exchangers, such as a coil type, shell, and a tube type. 
[0020] Moreover, you may form the cyclone for water mist eliminators after an exhaust air scrubber. 

[002 1 ] Although catalyst heating temperature should just be witKurtfie limits of 250-800 degrees C in this invention, within the 
limits of 300-600 degrees C is desirable in fact. 

[0022] Since the harmful gas generated in recycling or harmless-ized processing by considering as such a waste printed circuit 
board processor and its art is made harmless within equipment, it does not emit into the atmospheric air. For this reason, the low 
waste printed circuit board processor and its art of the safety which generates neither an ozone depleter nor an air pollution 
substance, high-reliability, and an energy cost can be offered. 

[0023] In addition, the object of this invention is not limited to a waste printed circuit board, but can be applied to the recycling 

equipment of all the products using the resin with which the ** halogen flame retarder was added. 

[0024] 

[Embodiments of the Invention] Hereafter, although this invention is explained based on an example, this invention is not limited 
to these. 

[0025] Drawing 1 is a waste printed circuit board treatment-process view which is one example of this invention. 

[0026] The process shown in drawing 1 consists of the waste printed circuit board 1 , the processor 2, the processed waste printed 
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circuit board 3, exhaust gas catalyst thermal decomposition equipment 4, an exhaust air scrubber 5, and the exhaust gas 6 made 
harmless. 

[0027] In drawing 1 , the waste printed circuit board 1 is processed by the processor 2, and turns into the processed waste printed 
circuit board 3. It is the equipment which carries out processing of such combination, such as heating, deformation, a 
disconnection, and spallation, to the waste printed circuit board 1 in a processor 2 here, for example, the equipment which heats a 
substrate, is made to gasify a resin and carries out malacia processing or the equipment which disconnects electronic parts by the 
cutter etc. and is separated from a substrate, and a substrate are crushed as it is, and the reduction-ized equipment is mentioned. 
From the waste printed circuit board 1 , it goes up on the whole [ temperature ] or locally by heating or friction in this process, and 
the gas of the hydrocarbon system containing the detrimental methyl bromide occurs. 

[0028] It is decomposed by the exhaust gas catalyst thermal decomposition equipment 4, and this hydrocarbon system gas turns 
into inorganic gas. The equipment constituted as catalyst thermal decomposition equipment 4 at the coil which filled up the 
interior with the catalyst, for example, and electric heating kiln can be considered. The great portion of inorganic gas is a carbon 
dioxide and a steam. It decomposes and a methyl bromide serves as a hydrogen bromide, a carbon dioxide, and a steam. It is 
washed or neutralized and these inorganic gas is made harmless by the exhaust air scrubber 5. 

[0029] For example, when the caustic- alkali-of-sodium aqueous solution is used for this penetrant remover, it is absorbed, when a 
hydrogen bromide serves as a sodium bromide and a carbon dioxide serves as a salt as a sodium carbonate, respectively. As an 
exhaust air scrubber, there are a method which injects a spray, for example, a method using a packed column, a method which 
carries out the direct bubbling of the gas into a penetrant remover. Exhaust gas harmless-changes according to the above process, 
and it is emitted as exhaust gas 6 made harmless. 

[0030] Drawing 2 is a waste printed circuit board treatment-process view which is one example of this invention. 

[003 1 ] The process shown in drawing 2 consists of the waste printed circuit board 1 , heating-apparatus 2a, external force 

additional-equipment 2b, substrate 3a that were separated, electronic-parts 3b which were separated, solder separated 3c, exhaust 

gas catalyst thermal decomposition equipment 4, an exhaust air scrubber 5, and the exhaust gas 6 made harmless. 

[0032] In drawing 2 , the waste printed circuit board 1 is heated by heating-apparatus 2a more than at the melting temperature of 

solder, and melting of the solder is carried out. External force is added by external force additional-equipment 2b, with the 

melting status maintained, and the waste printed circuit board 1 is divided into substrate 3a separated, electronic-parts 3b which 

were separated, and about three separated kinds of solder 3c. Here, heating-apparatus 2a and external force additional -equipment 

2b do not need to be another fields, and may be one. For example, external force additional-equipment 2b may be in the interior of 

heating-apparatus 2a, and heating-apparatus 2a may be in the interior of external force additional-equipment 2b. 

[0033] There is equipment which adds vibration, impact, a centrifugal force, a friction, or the pneumatic pressure by hot jet to the 

waste printed circuit board 1 as external force additional -equipment 2b, for example. This heating-apparatus 2a and the exhaust 

gas generated in external force additional-equipment 2b harmless-change by the same process 4 as drawing 1 , i.e., an exhaust gas 

catalyst heating apparatus, and the exhaust air scrubber 5, and is emitted as exhaust gas 6 made harmless. 

[0034] Drawing 3 is a waste printed circuit board treatment-process view which is one example of this invention. 

[003 5] The process shown in drawing 3 consists of the waste printed circuit board 1 , the processor 2, the processed waste printed 

circuit board 3, the exhaust gas catalyst thermal decomposition equipment 4, the exhaust air gas-cooling-method equipment 7, an 

exhaust air scrubber 5, a cyclone 8, and the exhaust gas 6 made harmless. 

[0036] In drawing 3 , exhaust gas is once cooled with the exhaust air gas-cooling-method equipment 7 after decomposition by the 
exhaust gas catalyst thermal decomposition equipment 4. By cooling here, the temperature rise of the penetrant remover of the 
exhaust air scrubber 5 and vaporization are prevented. Exhaust gas is introduced into the cyclone after transit 8 in the exhaust air 
scrubber 5. Here, the decrement in a penetrant remover can be prevented by removing the moisture in exhaust gas and returning 
to the exhaust air scrubber 5. Thus, it driesand the exhaus t gas 6 m^fe harmlegjns ^emitt ed. In_addjtion, removing moisture does 
not limit to a cyclone and it is not cared about at all by other technique, such as a demister. Moreover, only for either, the exhaust 
air gas-cooling-method equipment 7 and the cyclone 8 are. . c h^^ i<s 



[0037] Hereafter, the example of an experiment is explained. 
[0038] (Example 1 of an experiment) 
[0039] 
[Table 1] 
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[0040] In the atmospheric air, the waste printed circuit board was applied for 10 minutes, and the jaw crasher ground it. The 
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ambient-atmosphere air under trituration is attracted by 3/min 1m, and it is Ti02. W03 Si02 It decomposed at 500 degrees C 
using the included oxide catalyst of Ti: W:Si=7:2: 1 . Space velocity was set to 10000/h. Spray washing of the gas after 
decomposition was carried out using NaOH aqueous solution of IN. The main exhaust gas composition before and behind 
decomposition and after spray washing is shown in Table 1 . The hydrocarbons which make a methyl bromide the start disappear 
after gas decomposition, and the mineralization is carried out. Moreover, after spray washing, the hydrogen bromide generated by 
gas decomposition disappears, and is neutralized. Moreover, a carbon dioxide also understands after spray washing concentration 
is falling and absorbed by NaOR 
[0041] (Example 2 of an experiment) 
[0042] 
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[0043] Next, a waste printed circuit board is put into an electric furnace, and it is 1 201./min about air. It heated for 20 minutes at 
1 50 degrees C, introducing into an electric furnace at a rate. It is Pt to aluminum203 about the issue air from the electric furnace 
under heating 0.5wt% It decomposed at 700 degrees C using the included catalyst. Space velocity was set to 50000/h. It is 
calcium (OH)2 of IN about the gas after decomposition. Spray washing was carried out using the aqueous solution. The main 
exhaust gas composition before and behind decomposition and after spray washing is shown in Table 2. Like the example 1 of an 
experiment, the mineralization of the hydrocarbons which make a methyl bromide the start is carried out by gas decomposition, 
and the hydrogen bromide is also neutralized. Moreover, concentration falls and a carbon dioxide is also calcium (OH)2. It was 
absorbed. 

[0044] (Example 3 of an experiment) 

[0045] 

[Table 3] 
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[0046] Next, a waste printed circuit board is put into an electric furnace, and it is 1 201./min about air. The temperature up was 
carried out until it became 230 degrees C, introducing into an electric furnace at a rate. Vibration was added to the substrate for 5 
minutes with excitation equipment after 230 degree-C attainment. It is issue air from the electric furnace at this time Zr02 It 
decomposed at 500 degrees C using the oxide catalyst of Zr:Cu=9: 1 containing CuO. Space velocity was set to 5000/h. Bubbling 
washing of the gas after decomposition was carried out using KOH aqueous solution of IN. The main exhaust gas composition 
before and behind decomposition and after spray washing is shown in Table 3. Like the examples 1 and 2 of an experiment, the 
mineralization of the hydrocarbons is carried out by gas decomposition, it disappears, and the hydrogen bromide is also 
neutralized. Moreover, concentration falls by KOH and the carbon dioxide was also absorbed. 
[0047] (Example 4 of an experiment) 
[0048] 
[Table 4] 
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[0049] Next, a waste printed circuit board is put into an electric furnace, and it is 1 2017min about air. It is ordinary temperature to 
about 10 degrees C/min, introducing into an electric furnace at a rate. The temperature up was carried out until it became 320 
degrees C by the programming rate. At this time, the issue air from the electric furnace in the temperature up from 270 degrees C 
to 320 degrees C was decomposed at 500 degrees C using NiO catalyst. Space velocity was set to 10000/h. The packed column 
washed the gas after decomposition using NaOH aqueous solution of IN. The main exhaust gas composition before and behind 
decomposition and after packed column washing is shown in Table 4. Like the examples 1 , 2, and 3 of an experiment, the 
mineralization of the hydrocarbons is carried out by gas decomposition, it disappears, and the hydrogen bromide is also 
neutralized. Moreover, concentration falls by NaOH and the carbon dioxide was also absorbed. 
[0050] (Comparative experiments 1 ) 
[0051] 
[Table 5] 
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[0052] Next, it is ordinary temperature to about 10 degrees C/rnin, putting a waste printed circuit board into an electric furnace as 
a comparison, and introducing air into an electric furnace at a rate of 1 201./rnin. The temperature up was carried out until it 
became 320 degrees C by the programming rate. At this time, the issue air from the electric furnace in the temperature up from 
270 degrees C to 320 degrees C was decomposed using another electric furnace not using the catalyst at 300 degrees C, 500 
degrees C, or 700 degrees C. The retention time at this time could be 3 seconds. The packed column washed the gas after 
decomposition using NaOH aqueous solution of IN. The main exhaust gas composition before and behind decomposition and 
after packed column washing is shown in Table 5. In this case, at such temperature, it was hardly decomposed, therefore the 
hydrocarbons which made the methyl bromide the start were not absorbed by washing, either. 
[0053] 

[Effect of the Invention] According to this invention, the waste printed circuit board processor which detrimental exhaust gas does 
not generate in process of recycling or harmless-ized processing, and its art can be offered as mentioned above. 



[Translation done.] 



5 of 5 



2714/02 2:36 PM 



(19)B#B#fFfr (JP) 



(12) ^ 



(a) iinwmmstm&a 

#1^11-216455 

(43) tem B W-m W (1999) 8 H 10 B 



(51) IntCl e 






F I 






□/ uu 


7 a n 


BO 9B 


5/00 2 ABC 


B 0 1 D 






B 0 1 D 53/36 B 














L 

r 






000005108 










*fc££«:B:£S*tt?r 


(99} R 
Cum P 




-rPA I U*p \ 1 yyo; J/340 












(72)389|# 


em mm 




























(72)189^ 


-g* mm 




























(72)%9§# 


s^bb m 




















ss^tt B&sfm b itmmn 








(74)ftSA 















(54) [3g9lcD£*M *^U>h»«M8imojBI*8i 



(57) 



m i 



(2) 



11-216455 



in** 3] »&#xmmm&mmw:miibmkLx* 

Si, Al, Ti, Zr^bitfn5iaXI4 21£Jl± 

[»*«4] »*«3iE*C0gj?<bife^$ fejr, Pt, c 
u, Ni, W^b«litL5 1 «^ 2 «£A-b 20 

<b-r3it*3ii ^4^1^^75^11115^60^3/1; > 
i ^sfegto^y v hs«^^s 0 30 

[»#«8 ] tefflE*Dffti§.*J;J:2 5 0 — 80 OTC^ffiffirt 
[0 0 0 1 ] 

-y--r ^/^^Mi^^k&aasBxt/^^ftis^jfetrBa 40 
[0002] 



[0 0 0 3] S^ft««Sg*frrtg15iC|lL S = 
U > hlffiJrj^) 2 0 w t %tStA/T*l ^ 0 Zixh<07' 

[00 04] z<DZ-hfrb^ Wffifeco y -y-^ 

f ^ ^ M J fex fig t i: I ^ I^T w ( l ) — 
(5) l^^i-*ffixti3fi«^*55o 

[ooo5] (D ^ h^^e>m^gi5p a p$:^*r 

225-g-^«#fig 0 
[0 0 0 6] (2) /yvhii^MSi^oTM 

TB**S-ti:§(6:ia»HH*[HliR3SK 0 WBH ¥8- 274461 
[0 0 0 7] (3) /y^FSS^^ffif^L, 

«^5>*ffi*SrHUl5l-t-5*ife 0 4*BB¥7-25li54^« 
#BH. 

[0008] (4) yyyhSffi^, 7kSR«#iaa 

[0 0 0 9] (5) IMi]^Lt7y^y^ft^^ 
*<Dm&±-tZ>frM#x&8 0 0 < C«±-C2»:W 

^^^W^-X^fflfa^feo 0*H4#fflF»2665192-9-4* 
[0010] 



(3) 
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:/y > FSfil^»t5±Ei7) 

[0011] L^L<c^5>, ±15 (1), (2), (3) <D 

So (4) 0*ffiTtt*ft^^*R«t*FlcW#*R«|S-e: 
3tSlw*«*(r»UiLTl^j5^ r<^:frte^l4«Kfi|l;i J; 

(ratu$n, KttS^JSHiftSo (5) cD*j£T-l4# 
[0 0 12] *3B930Sttl4, _biE<^Bgaj^(rJE*L/«cS 
[0013] 

[0 0 14] :oj;5iatf^|j:iSj^n-5 0 
ttfflE*DSRl3SBS:ffli^5r. id J; 9JDj&i&£f4 8 

[0 0 1 5 ] a^fflJp^SrJSaL^^y > h 



ft, «», iS'D*. #VM4** h^-/ Klc<t5 

£fUE^<D^ S-SSilAD x. & r t \z x y> 14 A/ ft: • 

SBn%Sr£«a>e>5>BM-$£:/y > K*«*as3SB^«fi8 

*Brtlc#ft^^«fflB!ni«i»JBp»fi, So#«#^tt» 

[0 0 16] **Mto»ft^^ttl^i!a5>«fKBfflttSSE 
14, Si, Al, Ti, Z r frhmtiin* 1*1X14 2*1 

10 SiO.. A 1 ,03, TiO,, ZrOtm^^ 

[ 0 0 l 7 ] jf S L< li±E8ft»l:g blw, Pt, C 
u, Ni, WA^jBtfixi l«X(4 2«JK±^«*jR 
ADLfctt!tti:-f-5<0j&SS^ o Pt, Cu, Ni, W(4g? 

[0 0 18] *«M<73S^^^ftj^KBfflaci*?Kl4, * 

Se^^- h D <} a, i£vM47KKit:^^->!> J^m<DTj^ y 
4»«^*X(4T/u=2-/^*«»jK4»^oS/)¥iB[T*fe 
£ Q T/u=«— yuS»J3£Srttfflbfc*^-|4RlCLT*j*-i- 

[0019] **93t-j4. f&muf£&mmw<Dm^m 

[0020] ^/^ *Sl^^ifc»3SB^at-^^~^- 

[0 0 2 1] *5gWei4ttjfflaDSRffi«l4 2 5 0-8 0 0 
30 'CotfiHrt-Cfcixtfav^s, HBBKI4 3 0 0 — 6 0 0t 

[0022] ^^5«^y V hlttlgt^OT^^ 
3S*fti:i-Sri:^<t9, y 1^*/!^tM4&**Ma f 3® 

SaSB&^-toaa^ffiSrtlttT-t 5 0 

[0023] ft, *¥£w<DttMitemy y > hss^ps^ 

[0024] 

mw<Dmm.<Dftm) sit. *mw*mi&M\zm<5£m 
[0025] ia 1 14, *&w<D-mmwx'&>z>my v > 

[0 0 2 6] BlC^L^Dt^lt J^^y>hSffi 
50 4xfc»ft#^ 6 «fc <9«^$^5 0 



(4) 
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[0027] bii:^^ m^v > hssi mass 

:/y V hSS 1 ^b(i*nj?&*iMi*aiic i 
[0 0 2 8] ro^k7k3S*^^ii#«^^ttjKE*DSft» 

[ o o 2 9 ] ey^tfw^ifci^JKtc^tty-^TkSfflESrffi 20 

h y tJ±t vx^ti^h,m.tte%z biz* 9@*itx£ 
[0030] ei2(i, nitew-efcsjK^y :/ 

[0 0 3 1] IH2^^bfc^Dir^ii % ^/i) v hSffi 30 
1. *DSR3S«2a, ^MMl2b, #B£LfcS«3 
a, MU:ifM3b, 5>BILJtl*A/*:3 c, gMH 

[0032] ei2^*5v^t, i/y > hS«l fiJui&K 



S3 a, ^gf Ufcm^Siin D p3 b, #BtLfcliA,*:3 c <D 

a^o ts;tii, ad^b2 a <D^u\z^timmm2 b 

^fcoTt)g<, ^Af ! tAD3S«2 b<73rtfflirioi!Sas«2 
[0 0 3 3] ^#AD3S«2 b <t LTIi, m^&&W), 

Sft3S«2a, ^f+A03SK2 blC3ot^T«*i--5tf^^ 

4, M^ffiMf siatJiifk^^ *s*ffc$n 

[0 0 3 4] El 3 I*. HJffi«IT-4)5J9S^y > 

[0 0 3 5] m3 L7cy°air^(i, ^^y>hS« 
1, ^3H$nfcj^ry > h*«3, 

*ttfflt*D»l#fl¥3Se4, fS^ftggf 7, 

[0036] m$\z.te\,^xtem^tf*\±m^#*f&m}v 

<o J: 5 tw LT«*$ix«E^LSixfc^^f^ 6 £»ttj1- 

[0 0 3 7] J^T. *»0IH^oV^Tai«i-5o 
[0 0 3 8] (H»{f»J 1 ) 
[0 0 3 9] 
1*1] 





^a«7*0)^^fl3iaJ5 (volppm) 


CH 3 B r 


C 2 H 5 B r 




co 2 


H B r 




3 6.8 


3. 5 


44.4 


180 


2 7 0 




0.0 i#T 


O.OIUT 


0.0 1 JUT 


345 


3 3 6 




0.01 tlT 


0. 0 1 


0. 0 a jut 


75.1 


0.1WT 



[0 0 4 0 J &VJ > HMy 3 -^7r>tH:t 5 0 0"CT-#ft?L/c„ SKiS&li 1 0 0 0 0/h i b 

$r 1 m'/Bin-C»5l U TiO.iWO.iSiO.Sr ^-ft^Lfc 0 ^MMffe. fiV^^u-ft^aro^ftSl! 

*tf. Ti :W:Si=7:2: 1 roSfft^tej^Srffl^ 50 l iriSI". ^ittJ-^ZWlbti-Zmit 



(5) 
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fc. #xftM^T5££.l.tLg:lt*mt3.xyi'-foft'&\* [0 0 4 1 ] 

^*;b*fn$^T^.5o —mit^mh^y'^-m [004 2l 

^l±»S* s ftTLTfc»)N a OHK i •? KHX^ttJtW [^2 ] 



(US* #12) 







CH,B r 


C S H 5 B r 




co 2 


H B r 




13 8 


5 . 7 


17 6 


405 


4 19 




0. 0 1 ttT 


o.oiUT 


o.o lttT 


10 6 0 


5 2 3 




o. o lttT 


o.oi ttT 


o. o l ttT 


22 B 


0. 1 UT 



[0043] j&^y v hSS$:i^i-Ati, a 

o^Srl 2 0 1 /min <7?ffl-&T?««^ ^M^A 
$> 1 5 0^-0-2 O^Fa&DffiLfc:. M^<om^^b<D 
Sf(±S^*SrA 1 »0,KP t £0. 5 w t % ^A>0£g££ 
ffl^7 0 0ttMUCo 2RSj*SI*5 0 0 0 0/h i 
Lfc 0 »M<7)^^ 1 N(7)C a (OH): 7kM^ 



t »*as{B;T LCa(OH),l:±9»iRS ixfc 0 
[0 0 4 4] (H»H 3 ) 
[0 0 4 5] 
l*3] 







CH 3 B r 


C a H 5 8 r 




co 2 


H B r 




2 O 7 


8. O 


3 5 5 


113 2 


7 8 8 




o.oi ttT 


o.oi ttT 


o.o lttT 


1388 


10 19 




0.0 1 ttT 


0. 0 lttT 


o. o l ttT 


3 8 6 


0. 1UT 



[0 0 4 6] mz. gg^y is h as a*u & 

o£5a£r 12 0 1 /min OfiJ^T-m^^t^ A Ufcj&S 
2 3 0tH4SST-#atfc o 2 3 O'CPJitS* SOS 

/*>fetf>#ttJ£«£rZ r O* iCuO^tfZ r : Cu- 
9 : KOiMMv^5 0 0WSfU: o 35Mig 
Sli5 0 0 0/htLto ^Si^^^rlN^KOH 



[0 0 4 7] (HH0ij4) 
[0 0 4 8] 
[*4 J 





l*S.#:x4»G)£##0>ai£ (volppa) 


CHjB r 


CjH s B r 




co 7 


H B r 




3 8 9 


14.7 


6 6 4 


2 O 2 5 


13 9 7 




0.0 1 ttT 


O. 0 lttT 


o. o lttT 


2 6 7 1 


19 9 8 




0.0 1 ttT 


o.oi ttT 


o.oi ttT 


7 9 4 


o. l ttT 



[0049] mz. m^v > hSfi^t^cAn, & 

o2g*S: 12 0 1 /nin ^>W-&t?tt«*F't I lZ 2»A 



50 



tt^«?lt ffiBJiS«tt 1 0 0 0 0/hi: 
«0?^f^Sr 1 N<ONa OH7k«fSS:fflV\ 5fc«*i;: <fc 9 



a 



(6) 



(STL, KiR^tifc, 



i, 2, 3 <t^ x ^HbzksSt 

SfcNa OHCi 9i»£tdS 



)¥l 1-2 1 64 5 5 



* [0 0 5 0] 
[00 5 1 ] 
[*5] 



10 

(JtttEXCk 1 ) 







CH 3 Br 


CjH 5 Br 




CO, 


H B r 




3 6 6 


9. 5 


7 4 9 


18 5 7 


118 1 




3 4 3 


S. 2 


aid 


19 14 


12 2 2 




3 16 


a. o 


7 7 5 


7 9 4 


O. 1 




3 0 8 


8. 6 


8 4 7 


2 0 O 5 


13 15 




2 9 O 


a. o 


8 2 9 


8 2 4 


0. 1 tlT 


7 OO'Ctf^ftHg 


2 4 6 


5. 4 


110 5 


2 6 7 1 


19 9 8 




2 2 1 


4. 9 


1 O 2 8 


9 5 7 


o.l«T 



[0 0 5 2] itmt LTS/y V h*K 

l-AH, J.O^^£: 12 0 1 /minCOStJ^T-m^^P + i- 

M^^^ 1 N(7)N a OH*g^^l\ 3E«^tC<t 

fcjgHfczkSf 3Bli rnb -eiijfe if $ *xi\ S£o 
[0 0 5 3] 



[El l ] *3SIB^— H16Wr-4>S«!E^y > hss^^y 

3 a-#8fLJtS«, 3 b - ^Lfc«^p a a, 3 c- 



imi] 



(B2] 



^ , ^ /!/ ^ 



©as* 



an; 



_i & 



2a 



2b 



a/ 



MIS 



^MIOfcN fiWLfcN faMUfcN 



3h 



3c 



(7) 
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im3] 



S 3 



7 



T 



- 3jc©3fEtl 



7 CIV h^-^O^^r 



(72)$SW# 



5t#tfc B fflHfESIr B ffl&FSEBfrt 



(72) 



st^tt b asm^ b tiw^m 

Si*»0firt5^IBTtT@lf 1^- t* 



